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ABSTRACT : PROBLEM TO BE SOLVED: To make it possible to produce an optical fiber which is small 
in PMD by giving rise to kink on the optical fiber while suppressing the movement of the 
optical fiber and preventing the change in the diameter of the optical fiber. 

SOLUTION: An optical fiber preform 1 is drawn to form the optical fiber 3 and a coating 
layer is formed around the optical fiber 3 to form an optical fiber 1 1 . This optical fiber 1 1 is 
brought into contact with the peripheral surface of a turn pulley 9, by which a progression 
direction is changed. The turn pulley 9 is moved back and forth in the axial direction of 
rotation, by which the optical fiber 1 1 is rolled on the peripheral surface of the turn pulley 9 
to give rise to the kink in the optical fiber 3. 
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(54) Method of making optical fiber with low polarization mode dispersion 

(57) The disclosed method of making optical fiber 
(43) involves applying alternately clockwise and coun- 
terclockwise twist to the fiber as the fiber is being drawn 
from a preform (41), such that a permanent spin is 
impressed on the fiber. The torque is applied by novel 
means, namely, a roller (15) of geometry that causes 
the fiber to roll on the surface of the roller, alternately in 
one direction and the opposite direction. The novel 
technique can facilitate drawing of low PMD (polariza- 
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Description 

Background of the Invention 

It is well known to those skilled in the art that "single 
mode" optical fiber actually supports two modes that dif- 
fer in polarization, and that in typical single mode fiber 
the two modes can propagate with slightly different 
phase velocities, resulting in (generally undesirable) 
polarization mode dispersion (PMD). 

US patent 5,298,047 discloses an advantageous 
method of making single mode fiber having low PMD. 
The method involves applying a torque to the fiber as 
the fiber is being drawn from the preform, with the 
applied torque typically alternating in sense, i.e., caus- 
ing alternately clockwise and counterclockwise twist of 
the fiber around the axis of the fiber. The fiber transmits 
the alternating twists to the hot zone wherein the glass 
of the fiber is soft such that a "spin" is permanently 
impressed on the fiber. See also US patent 5,418,881 . 

The '047 patent teaches a technique for applying 
the torque that involves oscillating a guide roller back 
and forth. This technique works very well, having facili- 
tated manufacture of large quantities of very low PMD 
fiber. However, our recent work directed towards fiber 
drawing at still higher draw speeds than utilized up to 
now has led to the recognition that it would at best be 
difficult to use the prior art technique at the higher draw 
speeds, since the guide roller would have to be oscil- 
lated back and forth at impractically high rates. It would 
thus be highly desirable to have available a method of 
making optical fiber with alternating frozen-in spin (and 
thus low PMD) that is capable of use at even higher 
draw speeds than the prior art technique. This applica- 
tion discloses such a method. 

Briel Description of the Drawings 

FIGs. 1 , 2 and 3a)-3d) illustrate the geometry of an 
exemplary member for use in the inventive process; 
and 

FIG. 4 schematically shows exemplary apparatus 
for the practice of the invention. 

The Invention 

The invention is as defined by the claims. The 
inventive method of making optical fiber comprises the 
steps of providing an optical fiber preform, heating at 
least a portion of the preform, and drawing the optical 
fiber from the heated preform such that a spin is 
impressed on the fiber. The drawing step is carried out 
with the preform maintained rotationally stationary, and 
comprises applying a torque to the fiber whereby the 
fiber undergoes rotation around the longitudinal axis of 
the fiber, such that the spin is impressed on the fiber as 
it is drawn from the preform. The torque is applied such 
that the impressed spin is alternately clockwise and 
counterclockwise. 



Significantly, applying the torque to the fiber com- 
prises providing a member that has a surface and an 
axis and is capable of rotation around the axis, and con- 
tacting the surface of the member with the fiber that is 

5 being drawn from the preform. The member is selected 
such that, during a first portion of a complete revolution 
of the member, a direction normal to said surface of the 
member forms with said axis an angle <j> that is less than 
90°, and also forms, during a second portion of said 

to complete revolution of the member, with said axis an 
angle <j> that is more than 90°. 

As was stated above, the prior art method involves, 
inter alia, actively oscillating a guide roller back and 
forth through an angle 28 (see FIG. 4 of the '047 patent). 

15 On the other hand, the method according to the instant 
invention utilizes a stationary roller (the "member") of a 
geometry selected such that the rotating member auto- 
matically applies alternately clockwise and counter- 
clockwise torque to the fiber, as the fiber is drawn from 

20 the preform and contacts the surface of the member. 
Spin spatial frequencies in excess of 10 spins/m are 
readily obtainable. It is emphasized that said angular 
relationship between the axis of the member and the 
normal to the surface of the member is met at any given 

25 point on the surface of the rotating member (e.g. , at the 
point that is closest to the hot zone; see FIG. 4), with 
said point being stationary with respect to the draw 
tower. The point thus traces a closed path on the sur- 
face of the rotating member, and the direction normal to 

30 the surface at the point indicates the varying tilt of the 
surface at the point as the member rotates. 

The geometry of an exemplary member will now be 
described. Consider a solid cylinder (e.g., aluminum 
round stock) of diameter D, and further consider making 

35 2 parallel cuts through the cylinder, the cuts being 
inclined with respect to the axis of the cylinder such that 
a direction normal to one of the cuts forms an angle 6 (6 
* 0) with the cylinder axis. See FIG. 1, wherein numer- 
als 11-16 refer, respectively, to the cylinder, the two par- 

40 allei "cuts", the cylinder axis, the body formed by the two 
cuts, and the direction normal to one of the parallel cut 
surfaces. 

Next, consider placing the thus formed body 15 on 
a surface (e.g., the work table of a drill press) and drill- 
45 ing a hole (1 7) through the body in the direction normal 
to the surface such that the axis of the hole intersects 
center line 14 in the plane midway between parallel sur- 
faces 12 and 13. The resulting body can, at least in prin- 
ciple, serve as the above referred-to "member". Hole 17 
so can be dimensioned to accept the axis on which the 
member will rotate. 

The above description of the geometry of an exem- 
plary member in terms of a process of making the mem- 
ber is for tutorial purposes only, and is not meant to 
55 imply that a rotatable member according to the invention 
has to be made as described. 

FIG. 2 schematically shows body 15 in plan view 
and side view. It will be understood that the two plane 
surfaces of 1 5 have elliptical shape. 
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